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I  20.  Abstract  (continued) 

envlroiunent  In  high-explosive  (HE)  tests. 

2.  Define  free-fleld  dynamic  crater  environment,  starting  with  an  HE 
event  (MIDDLE  GUST  III),  using  results  of  a  recently  completed 
numerical  simulation. 

3.  Develop  simplified  methodology  for  determining  structure-media 
Interactions  In  the  grossly-deforming  nea  crater  environment. 

4.  Evaluate  response  and  vulnerability  of  representative  burled 
structures  exposed  to  near-crater  environment. 

Based  on  the  results  of  this  exploratory  Investigation,  the  following 

conclusions  are  drawn;  ,  r-~7T~ . 
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Using  simulated  MIDDLE  GUST  III  dynamic  environment,  response  of  repre- 
sentatlve  structures  at  various  ranges  near  the  crater4fas-tee^  an^yzed 
'  ^f^-e*4ng-^1mpHf1ird'TI8RleT«^  For  example,  the  MX-B  vertical  shelter 
^  Is  predicted  to  be  destroyed  In  the  crater  margin  due  to  decoupled  effects 
of  peak  ground  shock  pressure  (crushing),  dynamic  ground  shock  gradient 
(plascic  hinge),  and  late-time  differential  displacement  (plastic  hinge).  C', 

^  Distinct  layering  In  the  MIDDLE  GUST  III  geology  (probably  typical. of  many 
y  target  sites)  substantially  affects  structure  vulnerability  to  dynamic 
/  ground  shock  gradient  and  late-tlma  differential  displacement  from  cratering 
^  flow.  C3) 
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near  nuclear  craters.  ) 

If  test  sites  which  are  chosen  have  no  strong  reflective  Interface  at  a 
relatively  shallow  depth,  the  neaV-crater  environment  for  model  structures 
will  probably  not  be  as  severe  as  for  full-scale  structures  near  nuclear 
craters  In  typical  layered  geologies.  ^ 
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SUMMARY 


The  technologies  of  cratering,  ground  motions  and  non-linear 
structural  response  have  been  brought  together  to  develop  and 
apply  a  simplified  methodology  for  analyzing  the  response  of 
structures  in  the  grossly-deforming  crater-margin  environment. 

The  effort  has  resulted  in  initial  steps  towards  identifying  and 
quaintifying  major  kill  mechanisms  in  this  combined  effects 
environment. 

OEPIMITION  OP  HEAR-CRATER  EMVIRONMEMT 

Numerical  cratering  solutions  provide  the  only  current  means 
for  complete  description  of  the  dyn£unic  environment  near  craters. 
They  provide  stress  and  displacement  histories  of  the  near¬ 
crater  environment  which  can  be  used  to  evaluate  the  vulner¬ 
ability  of  structures. 

Experimental  data  primarily  consist  of  permanent  dis¬ 
placements  from  sand  columns.  HE  data  has  been  reviewed  and 
correlated  with  scaled  slant  range  in  different  tests  and  media. 
Data  scatter  is  very  large,  about  a  factor  of  four  in  we^dc  soils. 

The  detailed  definition  of  the  free-field  crater  environ¬ 
ment  from  a  recently  completed  numerical  calculation  of  the 
MIDDLE  GUST  III  HE  event  has  been  used  in  the  current  investi¬ 
gation.  The  peak  compressive  stress  contours  for  MIDDIJ:  GUST  III 
show  an  important  characteristic  of  this  layered  geology,  namely 
the  rapid  attenuation  which  occurs  in  the  more  dissipative 
shallow  soil  layers  above  the  rock  layers.  Thus,  shallow-buried 


1 


structurea  may  be  nubjected  to  a  leaa  severe  direct- Induced 
stress  environment  than  deeper  structures  in  the  rock  layers. 
Also,  a  sharp  displacement  gradient  occurs  at  the  eoil/rock 
interface. 

VULNERABILITY  OF  STRUCTURES  NEAR  CRATERS 

Simplified  soil/etructure  interaction  methods  have  been 
developed  to  evaluate  the  response  of  structures  in  the 
near-crater  environment.  These  techniques  are  used  to  examine 
the  separate  effects  of  peak  ground  shock,  dynamic  ground  shock 
gradient  and  cratering  flow  displacement. 

Failure  due  to  Peak  Ground  Shock: 

A  finite-element  soil/etructure  analysis  was  used  to 
evaluate  the  relationship  betv^een  free-f ield  stress  aind 
soil/structure  interface  stress.  Given  this  relationship,  static 
collapse  analysis  was  used  to  determine  structural  vulnerability 
due  to  ground  shock. 

In  the  MIDDLE  GUST  III  near-surface  wet  geology,  the  peak 
interface  stress  was  found  to  be  essentially  the  same  as  the  peak 
free-f ield  stress.  Thus,  the  predicted  collapse  contours  for 
typical  structural  cross-sections  are  determined  using  the  peak 
ground  shock  pressure. 

Failure  due  to  Dynamic  Ground  Shock  Gradient: 

The  ear ly-time  bending  response  of  structures  is  excited  by 
the  temporal  and  spatial  gradient  of  the  ground  shock  along  the 
structure  length.  A  finite-element  analysis  of  soil/structure 
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Interaction  showed  that  structures  are  initially  accelerated  with 
the  free-Cield  ground  shock  motion.  Thus,  the  free-iCield  ground 
shock  motion  was  used  to  define  the  early-time  dynamic  loading  on 
the  structure. 

Finite-element  beam  (2-D  plane  stress)  models  were  used  to 
evaluate  the  early-time  bending  response  of  vertical  shelters  and 
silos  placed  in  the  simulated  MIDDLE  GUST  III  dynamic  ground 
shock  gradient.  The  maximum  predicted  range  for  destruction  of 
these  vertical  structures  are  in  the  crater  margin. 

Failure  due  to  Cratering  Flow  Displacement: 

The  late-time  bending  response  of  structures  was  evaluated 
using  a  quasi-static  finite-element  beam  analysis  procedure  with 
non-linear  soil  springs  to  account  for  the  soil/structure 
Interaction  loads  which  occur  during  cratering  flow. 

The  response  of  shelters  and  silos  was  considered  for  the 
MIDDLE  GUST  III  geology  (wet  clay  over  weathered  shale),  using 
the  calculated  free-field  crater  flow  displacement.  These 
results  show  a  substantial  drop  in  peak  bending  stress  near  the 
crater  edge  and  the  significant  effect  of  the  clay/shale 
Interface. 

CONCLUSIONS 

Based  on  the  results  of  this  exploratory  program  the 
following  conclusions  are  drawn: 


e  Using  simulated  MIDDLE  GUST  III  dynamic  environment, 
response  of  representative  structures  (MX-B  shelter  and 
STF  silo)  at  various  ranges  has  been  analyzed  using 
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Structural  engineering  models.  These  structures  are 
predicted  to  be  destroyed  out  to  the  following  maxiraum 
ranges  due  to  the  decoupled  effects  of: 


EnYironmant  (Failure) 

MT-B 

STP 

peak  ground  shock  pressure 
(crushing) 

55  ft 

50 

ft 

dynamic  ground  shock  gradient 
(plastic  hinge) 

58  ft 

SO 

ft 

late-time  differential  displacement 
(plastic  hinge) 

55  ft 

<30 

ft 

These  ranges  are  all  in  the  crater  margin  where  the 
crater  radius  is  at  S5  ft.  . 

Distinct  layering  in  the  MIDDIf  GUST  III  geology 
(probably  typical  of  many  target  sites)  substantially 
affects  structure  vulnerability  to  dyneunic  ground  shock 
gradient  and  late-time  differential  displacement  from 
cratering  flow. 

Environment  near  nuclear  craters  will  be  more  severe  than 
near  HE  craters,  due  to  effects  of  5-10  times  higher  peak 
overpressure  at  crater  radius.  Thus,  HE  sources  alone 
(hemisphere  of  TNT  or  capped  cylinder  of  ANFO)  will  not 
simulate  the  combined  environment  effects  near  nuclear 
craters. 

If  test  sites  which  are  chosen  have  no  strong  reflective 
interface  at  a  relatively  shallow  depth,  the  near-crater 
environment  for  model  structures  will  probably  not  be  as 
severe  as  for  full-scale  structures  near  nuclear  craters 
in  typical  layered  geologies. 

For  structures  testing,  it  would  be  desirable  to  select 
sites  with  representative  scaled  layering,  and  to  field 
structure  models  both  entirely  within  layers,  and 
extending  between  layers. 
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PREFACE 


This  final  report  describes  (primarily  in  briefing  format) 
aui  exploratory  Investigation  of  environment  and  response  , 
phenomena  for  buried  target  structures  in  crater  margins.  The 
investigation  was  performed  for  the  Defense  Nuclear  Agency  (DNA) 
under  Contract  DNA001-80-C-0168.  The  DNA  technical  monitors  were 
Dr.  Kent  L.  Goerlng  and  Maj.  Myron  E.  Furbee. 

The  authors  have  received  valuable  assistance  from  many 
discussions  with  D.  L.  Orphal,  S.  Jchuster,  M.  H.  Wagner  and 
Prof.  R.  B.  Nelson.  In  addition,  Y.  Muki  and  F.  W.  Ross-Perry 
provided  a8aist2mce  in  the  performance  of  the  numerical 
calculations. 
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SECTION  1 


INTRODUCTION 


1.1  BACKGROUND 

Peck  ovescpteesuze  on  tho  suzfaca  ie  widely  used  as 

the  kill  czitezion  in  targeting  etudleo.  Thie  is  because  Ap_ 

18  applicable  to  both  HOB  and  contact  butstSr  and  Lecause  it  is 
predictable  with  some  confidence,  and  because  it  is  largely 
independent  of  target  media.  There  are  situations,  however,  in 
which  APji^  is  overly  conservative  or  even  a  misleading  kill 
criterion.  In  particular,  to  kill  structures  which  are  hardened 
to  withstand  the  effects  of  several  thousand  psl  overpressures 
may  require  such  small  miss  distances  for  an  airblast-only  kill 
that  the  structure  will  be  within  or  very  near  the  crater.  In 
such  locations,  other  effects  -  notably  direci  ground  shock  and 
cratering  action  -  become  substantial,  if  not  overwhelming 
factors  in  the  structure  kill. 

Instinctively,  one  believes  that  any  practical  military 
structure  which  is  close  enough  to  a  burst  to  be  within  the 
actual  crater  or  even  in  the  grossly-deformed  region  immediately 
surrounding  that  crater  will  be  convincingly  destroyed  by  the 
severe  combined  effects  of  direct  ground  shock,  air blast- induced 
ground  shock,  and  large  local  gradients  in  displacements.  However, 
in  a  recent  near-surface  burst  test  [1]  have  in  which  model 
structures  were  buried  near  the  expected  edge  of  craters  (i.e.,  in 
the  region  we  will  refer  to  as  the  "crater  margin"),  the  model 
structures  survived  even  though  they  were  ejected  from  the  crater. 


1.2  OBJECTIVES 

The  rather  eurprlelrg  results  of  these  observations  for 
model  structures  near  HE  craters  indicate  a  need  for  more 
complete  understanding  of  the  response  of  buried  structures  near 
craters.  It  is  the  overall  objective  of  this  Investigation  to 
contribute  to  such  understanding  through: 

e  Definition  of  the  nature  of  the  dynamic  environment 
within  the  margins  of  craters  formed  by  near-surface 
bursts  over  vazloue  generic  media,  amd 

•  Examination  of  the  response  and  vulnerability  of  generic 
structures  in  that  environment. 


1.3  APPROACH 


Within  this  overall  objective,  the  investigation  consisted 
of  the  following  tasks: 


1)  Review  of  experimental  data  for  model  structures  exposed 
to  the  near-crater  environment  in  HE  teste. 

2)  Detailed  definition  of  free-field  dynwic  crater 
environments,  starting  with  an  HE  event  (MIDDLE  GUST 
III),  using  results  of  a  recently-completed  numerical 
calculation  on  another  contract  (DHA001-80-C-0265^ . 

3)  Development  of  simplifiSd  methodology  for  defining 
structure-media  interactions  in  the  grossly-deforming 
near -crater  environment. 

4)  Evaluation  of  response  and  vulnerability  of  represen¬ 
tative  buried  structures  exposed  to  neaz-crater 
environment. 


SECTION  2 

OVERPRESSURE  AT  CFATER  RADIUS 


This  section  gives  the  peaUc  overpressure  at  the  crater 
radius  in  various  media  and  a  comparison  of  simple-geometry 
high-explosive  (HE)  and  nuclear  (NE)  bursts.  It  is  noted  that 
the  environment  near  nuclear  craters  will  be  more  severe  than 
near  HE  craters,  due  to  effects  of  5-10  times  higher  peak 
overpreissure  at  crater  radius.  Thus,  simple-geometry  HE  sources 
alone  do  not  simulate  the  combined  environment  effects  near 
nuclear  craters. 
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Figure  1 .  Peak  Overprsissures  at  Crater  Radius  In  Different.  Media  (For  HE 
Bursts,  Scaled  Radius  and  Overpressure  Assume  M„  <■  1/5  W  ). 


SECTION  3 


EXPERIMENTS  WITH  STRUCTURES  NEAR  CRATERS 

Several  high-exploelve  (HE)  teste  involving  surface  or 
near-surface  explosions  have  been  conducted  to  obtain  data  on  the 
effects  of  nuclear  weapons  on  various  buried  structures.  Some  of 
these  results  have  indicated  that  even  the  severe  environment 
within  or  near  the  edge  of  craters  may  not  be  sufficient  to 
produce  assured  destruction  of  some  hardened  targets.  In  a 
recent  test  reinforced  concrete  thin-walled  box-type 

structures  located  near  the  surface  in  silty  clay  did  not 
collapse,  even  though  they  were  ejected  from  the  crater  of  a 
buried  charge. 

This  is  perhaps  an  extreme  exaunple,  and  the  military  utility 
of  a  target  structure  which  has  been  tossed  about  and  totally 
disoriented  is  questionable,  even  though  the  integrity  of  the 
shell  may  not  have  been  totally  violated.  On  the  other  hand, 
such  evidence  raises  doubts  about  any  easy  assumption  in  target¬ 
ing  studies  that  structures  within  craters  are  assuredly 
destroyed.  In  addition,  not  all  such  structures  necessarily 
become  part  of  the  ejecta.  Those  especially  which  are  in  the 
crater  rim  or  which  impinge  into  the  crater  (even  substantial 
distances)  may  not  only  survive  but  may  also  be  only  moderately 
disoriented. 

This  section  gives  a  summary  of  the  key  tests  with 
structures  near  craters.  It  is  noted  that  most  scaled-structure 
models  were  not  exposed  to  the  severe  deformation  which  occur 
wtfchln  craters. 
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Tent:  DUCWAY-403  (Ref.  6) 
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Figure  4.  Structural  Response  froa  the  ESSEX  I  Phase  2  Test 


This  figure  sunmarises  structural  response  of  the  TEA  POT  ESS  Test  [9 
The  thin  walled  concrete  box  structures  in  this  test  remained  elastic 
and  experienced  moderate  rigid  body  motions. 
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Structural  Response  from  the  TEAPOT  ESS  Test 


of  the  Middle  Gust  III  test 
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Figure  6.  Structural  Response  *Tom  the  MIDDLE  GUST  III  Test. 
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Figure  7.  Structural  Response  from  the  DIAL  PACK  Test 
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Test!  HIHERAIi,  mS.  (»•«.  13.  W) 


I 

i 


\ 


ol 


u 

o 

I 

M 

*» 

U 

m 

9 

O' 


•o 

« 

X 


; 

u 


i  «  « 

^  ^  i 

#  «*4  C 


t 

1 

« 

? 


I  I 


u 

o 


0  ^ 


u 


*8 


5 

I 

l4 

u 

4* 

s . 

u  • 

^  9t 

^  I 


M  C 

e  >H 
•H  ^ 

M  m 

u  s 

•  w 

N  u 
u 

w  8 

SJ! 


8 

u 

o 

a 


‘8 

u 


i  •  •  *0 

■Si  8 

b  H  « 

•  • 

sff-i 

8  «  • 

o  3  « 

U  b  » 
w 

■e  e  • 

i  b  M 

iC  »  « 

-  •  s 

a  iM  8 


I 


•  u 

m  m  M 
w  • 

o  e  «o 

m  9 
U  W  00 

•s-a 

m  m  m 


<H  e 

e  • 


6  •  9 

•H  •  44 

ia  u 

9  6  9 
«  fi  u 
U  i  44 

9  •  • 

9 


m 

U  i0  44 


ri*ri 


2^" 

Ig-S 

9  ^  « 

44  44 
9  ^  • 

2  0  • 
O*  9 
44  m 
m  •  %4 

•e  w 

44  9 

«o  o 

•  44 

9 

o  •  o 

M  00  >4 

•  i  • 

«  8  £ 
T»  "O  b 


o  o  e  .no  o 

<•  m  «  to  m « 


m  irt  m  o  O 


s  e 


•  js  -a 
b  u  e 

.3 

•  e 

«  <0  • 
b 

p  a 

i  m 

•H  CbO  u 

•  «  a 

a  a  iM 

O  b  b  b 

b  3  a  3 
b  a 

•  u  a 

js  a  a  j< 

b  b  b  w 
a<b  3  o 
a  b  b 
■a  o 
a  3  a 
b  b  b  £ 
a  B  b  b 
S  o  a 
5  M  a 

•b  <b  b  > 
b  lb  O 
b  O  'b  ^ 

a  js  b  a 


£ 

00 

•o 

6 

s 


I 

‘8 

e 


6 

s> 


2 

(0 

•o 

6 


s 


iH  9 

5“ 

9  • 


4« 

9 

00 


39 


rv*: 


40 


8BCTI0M  4 


KFIMITION  OF  MEAR-CSATER  ENVIRONKEMT 

MOMrleal  cratscing  solutions  provlds  ths  only  current  Mans 
for  cooiplots  description  of  ths  dynamic  environment  near  craters. 
They  provide  stress  and  dlsplacsment  histories  of  the  near-crater 
environment  %«hlch  can  be  used  to  evaluate  the  vulnerability  of 
structures. 

Experimental  data  primarily  consist  of  permaunent  dlsplace- 
SMnts  from  sand  columa.  HE  data  has  been  reviewed  and  corre¬ 
lated  with  scaled  slant  range  In  different  teste  and  media.  Data 
scatter  Is  very  large,  about  a  factor  of  four  In  weak  soils. 

The  detailed  definition  of  the  free-field  crater  envlron- 
SMnt  from  a  recently  completed  numerical  calculation  of  the 
MinDLE  GUST  III  HE  event  has  been  used  In  the  current  Investiga¬ 
tion.  The  peak  compressive  stress  contours  fox  MIDDLE  GUST  III 
show  an  important  characteristic  of  this  layered  geology,  namely 
the  rapid  attenuation  tfhlch  occurs  In  the  more  dissipative 
shallow  layers.  Shallow-burled  structures  luiy  therefore  be 
subjected  to  a  less  severe  environment  than  deeper  structures  In 
this  geology.  Also,  a  sharp  displacement  gradient  occurs  near 
the  material  Interface.-. 
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Bxpariinantal  Near-Cratar 
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V  Surfce*  MBasuroMnt 

B  Sub  surf  «c«  McMurnwnt 
(•oil  only) 


OJ 


D*  •  0.078  X 


-3.41 


an ' , 


SCALED  RANGE  X, 

Fifuro  9.  P*naa«nt  Oispiaccnents  fron  Middle  Gust  Event  3.  All  Data 
ICere  Measured  In  the  Soil  at  or  near  the  Surface. 

(Fron  Carnes,  Ref.  IS) 


Scaled  Total  DiaplacaMnt  D',  ft/lb 


0.001 


Scalcvi  Range  ft /lb' 


Figure  II.  Range  of  permanent  diaplacement  for  various  geologic 
media  for  surface  tangent  and  above  surface  charge 
geometries  (Kj  Is  the  value  of  Dfc  at  X  -  1.0). 

(From  Carnes,  Ref.  15) 


Numerical  Calculations  of  Nuclear  Craters 
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Material  beneath  crater  still  auvlng 
downward  at  200-300  fpa  at  end  of 
solution. 
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Compressive  Stress  Contours  (In  ksi)  by  14  msec  from  Middle  Gust  Ill  Numerical  Solution 


Figure  17.  Dieplaceflwnt  Controue  (In  feet)  at  25  asec  fro*  .^';Ua  Gust  ill  Nuaerlcal  Slaulaton 


Figure  18.  DlsplaceMiit  Contours  (In  feet)  st  50  asec  froa  Middle  Gusi 


Numerical  Slmulaclun  of  Ute-TlM  Cracar  FotMilon  of  Hlddla  GuaC  III  Bvant. 
(Uyered  geology  and  crater  profile  are  Indicated  by  aolld  llnea.) 


Figure  21.  Dleplaceaent  ConCours  (In  feat)  at  100  nsec  froa  Hlddla  Cuat  HI  Nuaarlcal  Slaulation 


Dlsplaceacnt  Contours  (In  Cost)  st  150  nsec  froa  Nlddls  Gust  III  Nusarlcal  Siaulatlon 


Figure  23.  Dleplaceaent  Contours  (In  feet)  at  200  nsec  froei  Middle  Gust  III  Nuasrlcal  Sinulation 
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RESPONSE  AND  VULNERABILITY  OP  STRUCTURES  NEAR  CRATERS 

Simplified  soil/etructure  interaction  methods  have  been 
developed  to  evaluate  the  response  of  structures  in  the  near¬ 
crater  environment.  These  techniques  are  used  to  examine  the 
separate  effects  of  peak  ground  shock,  dynamic  ground  shock 
gradiei'C  and  cratering  flow  displacement.  Current  vulnerability 
analyses  i.volve  the  MIDDLE  OUST  III  HE  environment  as  defined  by 
recently  completed  numerical  simulation. 

Failure  due  to  Peak  Ground  Shock: 

A  finite-element  soil/structure  analysis  was  used  to 
evaluate  the  relationship  between  free-field  stress  and 
soil/structure  interface  stress.  Given  this  relationship,  static 
collapse  analysis  was  used  to  determine  structural  vulnerability 
due  to  ground  shock. 

In  the  MIDDLE  GUST  III  near-surface  wet  geology,  the  peak 
interface  stress  was  found  to  be  essentially  the  same  as  the  peak 
free-field  stress.  Thus,  the  predicted  collapse  contours  for 
typical  structural  cross-sections  are  determined  using  the  peak 
ground  shock  pressure. 

Failure  due  to  Dynamic  Ground  Shock  Gradient: 

The  early-time  bending  reponse  of  structures  is  excited  by 
the  temporal  and  spatial  gradient  of  the  ground  shock  along  the 
structure  length.  A  finite-element  analysis  of  soil/structure 
interaction  showed  that  structures  are  initially  accelerated  with 


th«  fxM-flald  ground  shock  Mtion.  Thus,  the  tree-field  ground 
shock  notion  wsf  used  to  define  the  esrly-ti4ie  dynamic  loading  on 
thii  structure. 

Finite-elenent  bean  (2-D  plane  stress)  isodels  were  used  to 
evaluate  the  early-time  bending  response  of  steel  tilt  gages, 

MX-B  vertical  shelters  atid  STP  silos  placed  in  the  simulated 
MIDDLE  GUST  III  dynamic  ground  shock  gradient.  The  sutximum 
predicted  range  for  destruction  of  these  vertical  structures  axe 
in  the  crater  margin.  It  should  be  noted  that  the  numerical 
results  for  the  tilt  gages  are  consistent  with  observed  experi¬ 
mental  data. 

Failure  due  to  Cratering  Flow  Displacement: 

The  late-time  bending  response  of  structures  was  evaluated 
using  a  quasi-static  finite-element  beam  analysis  procedure  with 
non-linear  soil  springs  to  account  for  the  soll/structuxe  inter¬ 
action  loads  %fhlch  occur  during  cratering  flow. 

The  response  of  steel  tilt  gages,  MX-B  shelters  and  STP 
silos  was  considered  for  the  MIDDLE  GUST  III  geology  (wet  clay 
over  weathered  shale),  using  the  calculated  free-field  crater 
flow  displacement.  These  results  show  a  substantial  drop  in  peak 
bending  stress  near  the  crater  edge  and  the  significant  effect  of 
the  clay/shale  Interface. 
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Figure  24.  Failure  Due  to  Peak  Ground  Shock. 


This  figure  Illustrates  the  luxnerlcal  procedure  used  to  evaluate  the 
loading  of  burled  thin  Wall  sections  due  to  ground  shock.  The  procedure 
uses  the  free  field  ground. shock  pressure  histories  given  by  finite 
difference  cratering  analysis  as  boundairy  conditions  to  a  soil  Island 
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RADIAL  STRBSS  •VERTICAL  BTRJUe  SHEAR  STRESS 
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Figure  28.  SCaclc  Collapse  Pressure  for  Thln-Walled  Steel  Box  and  Cylinder  Structures 
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29.  Static  Collapse  Pressure  for  Thin-Wailed  Concrete  Box  and  Cylinder  Structurea 
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5.2  Failure  Due  to  Dynamic  Ground  Shock  Gradient 


Figure  31.  Failure  Due  to  Dynamic  Ground  Shock  Gradient. 
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5.3  Failure  Due  to  Cratering  Flow  Displacement 


Plgur*  38.  Fallere  Dij«  to  Cratering  Flow  Dieplacement . 
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Evaluation  of  Structural  Bending  Response  Due  to  Differential  Free  Field 
Displacements  Along  Structure 
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Figure  39.  Evaluation  of  Structural  Bending  Response  Due  to  Differential  Free  Field  Displacements  Along  Structure 
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Figure  40.  Plane  Strain  Finite  Element  Model  Used  to  Evaluate  Equivalent  Soli  Springs. 
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SECTIOH  6 


CONCLUSIONS  AND  RECOMMENDATIONS 

Based  on  the  results  of  this  exploratory  program,  the 
following  conclusions  and  recommendations  are  drawn. 
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